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(57)Abstract: 

PROBLEM TO BE SOLVED: To offer a light emitting device, a method of emitting 



signal lights, a method of sending signal lights, an optical communication system and a 
method of determining an isolation value, which can attain a specified characteristic of 
bit error. 

SOLUTION: A light emitting device 1A is provided with a light generating part, an 
output and a light isolator 42. The light emitting part includes a semiconductor optical 
amplifieKSOA) 16 and a grating fibeKGF) 14. The SOA 16 comprises a light emitting 
plane and a light reflecting plane, and the GF 14 comprises a diffraction grating 14c 
arranged in a core part and an end part which is connected with the light emitting 
plane optically. The output is arranged so as to offer the light generated in the light 
generating part. The light isolator 42 is placed between the light generating part and 
the output. As for the light emitting device 1A. isolation of the light isolator 42 is 
specified to be -52.4-8.7 x log(BER)or less at a dB unit regarding a bit error rate BER 
which is supposed to be attained at a transmission velocity 2.5 Gbps in a zone of 1.55 
U m. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor optical amplifier which will generate light if a carrier is 
poured into the barrier layer which has a light emission side and a light reflex side. The 
optical generating section containing the grating fiber which has the end optically 
combined with the list by said light emission side of said semi-conductor optical 
amplifier, the other end, and the diffraction grating prepared in the core section. The 
output prepared so that the signal light generated in said optical generating section 
might be offered. It has the optical isolator arranged between said optical generating 
sections and said outputs. The isolation of said optical isolator The luminescence 
device which is beyond the value specified by -52.4-8.7xlog (BER) in dB unit about 
the bit error rate BER which should be attained with the transmission speed of 
2.5Gbps in 1 .55-micrometer band. 

[Claim 2] Said optical isolator is a luminescence device according to claim 1 optically 
combined with said other end of said grating fiber. 

[Claim 3] Said optical isolator is a luminescence device according to claim 1 or 2 
which has the Faraday rotator arranged between the 1st and 2nd birefringence 
devices at the 1st birefringence device optically combined with said other end of said 
grating fiber, the 2nd birefringence device optically combined with said output through 
the optical fiber, and a list. 

[Claim 4] The semi-conductor optical amplifier which will generate light if a carrier is 
poured into the barrier layer which has a light emission side and a light reflex side. Two 
or more optical generating sections containing the grating fiber which has the end 
optically combined with the list by said light emission side of said semi-conductor 
optical amplifier, the other end, and the diffraction grating prepared in the core section. 
The output prepared so that the signal light generated in said two or more optical 
generating sections might be offered. It has the optical isolator arranged between said 
two or more optical generating sections and said outputs. The isolation of said optical 
isolator The luminescence device which is beyond the value specified by 
-52.4-8.7xlog (BER) in dB unit about the bit error rate BER which should be attained 
with the transmission speed of 2.5Gbps in 1. 55-micrometer band. 
[Claim 5] The luminescence device according to claim 4 further equipped with the 
optical multiplexing means for multiplexing and providing said output with the light 
generated in said two or more optical generating sections. 

[Claim 6] Said optical isolator is a luminescence device according to claim 5 arranged 
between said optical multiplexing means and said outputs. 

[Claim 7] The diffraction grating prepared in the core section of the grating fiber which 
is the approach of generating signal light, generated the lightwave signal in the 
semi-conductor optical amplifier, and was optically combined with said light emission 



side of said semi-conductor optical amplifier, The step which is made to reflect said 
signal light in the light reflex side of a semi-conductor optical amplifier, and is 
amplified. It is related with the bit error rate BER in dB unit which should be attained 
to the light of 1 .55-micrometer band with a transmission speed of 2.5Gbps. - How to 
generate a signal light equipped with the step which provides an optical transmission 
line with said signal light in an optical transmission line through the optical isolation 
beyond the value specified according to 52.4-8.7xlog (BER). 

[Claim 8] The optical transmitter which sends out the lightwave signal which has 1 or 
two or more wavelength, and the optical receiver which receives said lightwave signal, 
It has the optical transmission line which combines optically between said optical 
transmitter and said optical receivers. Said optical transmitter The semi-conductor 
optical amplifier which will generate light if a carrier is poured into the barrier layer 
which has a light emission side and a light reflex side, The end section optically 
combined with the list by said light emission side of said semi-conductor optical 
amplifier, and the 1st optical generating section containing the grating fiber which has 
the diffraction grating prepared in the core section. The output prepared so that the 
signal light generated in said optical generating section might be offered. It has the 
optical isolator arranged between said optical generating sections and said outputs. 
The isolation of said optical isolator The optical transmission system which is beyond 
the value specified by -52.4-8.7xlog (BER) in dB unit about the bit error rate BER 
which should be attained with the transmission speed of 2.5Gbps in 1 .55-micrometer 
band. 

[Claim 9] Said optical transmitter has an optical multiplexing means for multiplexing 
each light generated in said optical generating section of 1 , and said one or more 2nd 
light generating sections including the 2nd one or more optical generating sections. 
Said optical receiver has an optical spectral separation means for separating 
spectrally the signal light received from said optical transmission line. Said 2nd optical 
generating section The semi— conductor optical amplifier which will generate light if a 
carrier is poured into the barrier layer which has a light emission side and a light reflex 
side, The optical transmission system containing the grating fiber which has the 
diffraction grating prepared in the end section optically combined with the list by said 
light emission side of said semi-conductor optical amplifier, and the core section 
according to claim 8. 

[Claim 10] It is the approach of determining an isolation value required in order that 
the luminescence device of an external resonator mold may attain a predetermined bit 
error rate. A trial device contains the optical generating section containing said 
external resonator. Said luminescence device Including the optical isolator which 
attains said isolation value, and said optical generating section, the step which 
prepares said trial device, and where it generated signal light in said trial device and 
the specified quantity of said signal light is returned to said trial device The step which 



measures the bit error rate of said trial device, and the step which said specified 
quantity is changed and measures said trial device bit error rate. The step which 
calculates the return quantity of light which can attain said predetermined bit error 
rate from the relation between the bit error rate of said trial device, and said specified 
quantity. How to determine the isolation value equipped with the step which 
determines the isolation value of said luminescence device from the return quantity of 
light which can attain said predetermined bit error rate, and the system return 
quantity of light estimated when the output of said luminescence device won 
popularity. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of determining an 
isolation value as the approach and optical transmission system which generate signal 
light using the luminescence device, semi-conductor optical amplifier, and grating fiber 
which have a semi-conductor optical amplifier and a grating fiber, and a list. 
[0002] 

[Description of the Prior Art] Fiber grating laser has a semi-conductor optical 
amplifier (henceforth SOA), and a grating fiber. This fiber grating laser is equipped with 
the optical resonator which consists of the diffraction grating of a fiber grating, and 
the end side of SOA. SOA has the back end side which meets the front end side and 
grating fiber which take out light. The laser of such structure is known as an external 
resonator mold semiconductor laser module. By this module, since that luminescence 
wavelength is determined by the Bragg wavelength of a fiber grating, after producing 
SOA. the advantage that light wave length can be adjusted is. 
[0003] 

[Problem(s) to be Solved by the Invention] In order to manufacture an usable 
semiconductor laser module practical in the field of optical communication, especially 
the field of a WDM optical transmission system, the artificer performed various 
examination. 

[0004] As one of the examination result of this, the artificer found out that it was in 
the inclination for the rate (BER) of an error bit to be unable to fall easily as compared 
with DFB semiconductor laser in the semiconductor laser module, as the bit error rate 
which should be attained in a WDM optical transmission system — at least 10-10 — 
10-12 is required preferably. 

[0005] However, according to the experimental result shown in reference (ECOC 97, 



22-25 September 1997, Conference Publication No.448, "DENSE WDM 
TRASMISSION IN STRANDARD RBRE USING DIRECTLY-MODULATED FIBRE 
GRATING LASERS AT 2.6 GBIT/S"), and an artificers examination result, the 
above-mentioned desired value was not able to be reached even in measurement in a 
laboratory. For example, according to the data shown in reference, it is in the 
inclination for a bit error rate to be saturated about with ten to ten. 
[0006] Then, the purpose of this invention is to offer the approach of determining an 
isolation value as the luminescence device which can attain the property exceeding a 
predetermined bit error rate, the method of generating signal light, an optical 
transmission system, and a list. 
[0007] 

[Means for Solving the Problem] In order to attain such a technical problem, the 
artificer advanced examination further. It is the comparison with semiconductor laser 
that the artificer paid his attention first. 

[0008] A luminescence device called fiber grating laser is common in the point which 
uses a semiconductor device as an optical generation source, and the point of having 
the optical resonator which becomes a list from the end side of a diffraction grating 
and a semiconductor device. However, in DFB mold semiconductor laser, an optical 
resonator consists of the end side of a semiconductor device, and the diffraction 
grating prepared in the semiconductor device. By fiber grating laser, an optical 
resonator consists of the end side of a semiconductor device, and the diffraction 
grating prepared in the grating fiber besides a semiconductor device. 
[0009] The artificer advanced examination further about this structural difference. 
Consequently, fiber grating laser has noticed having long cavity length compared with 
DFB mold semiconductor laser. This is a greatly different point from DFB mold 
semiconductor laser. 

[0010] In a luminescence device equipped with long cavity length, oscillation spectral 
band width becomes narrow. On the other hand, that spectral band width is narrow 
means a weak thing in the disturbance from the outside, i.e., external interference. 
Therefore, if it joins such a luminescence device at a certain external disturbance, it is 
possible that the disturbance affects the property more notably than DFB mold 
semiconductor laser. 

[0011] Then, the artificer examined whether it would require that what kind of 
disturbance is added to a luminescence device called a fiber grating. Since a bit error 
rate is involved in a very quick phenomenon, for example, the phenomenon of 2.5 
Gbit/s extent, the environmental factor of temperature is excepted from examination. 
For this reason, the artificer investigated about the electric disturbance and the 
optical disturbance. 

[0012] First, the electric disturbance was considered. Both DFB mold semiconductor 
laser and fiber grating laser are assembled by the package carried out to resemblance. 



for example, a butterfly mold package. Moreover, the semi-conductor optical amplifier 
of fiber grating laser has the structure which resembled semiconductor laser very 
much. For this reason, it is thought that it becomes the value which the impedance of 
a power source and drive wiring etc. resembled. Therefore, in the process in which a 
current is changed into light, I thought that there was no big difference which worsens 
a bit error rate between fiber grating laser and DFB mold semiconductor laser. 
[0013] Subsequently, the optical disturbance was considered. If it takes Into 
consideration that it is the disturbance of a very high frequency, the lightwave signal 
which oneself generated can serve as a candidate. It is what kind of path and this 
lightwave signal thought whether it would be added to fiber grating laser as a 
disturbance. The path which is the most possible as an input of a disturbance is a 
grating fiber. That is. the path added to a semi-conductor optical amplifier through a 
grating fiber can be considered. If it assumes that this is the cause, as reference was 
already made, fiber grating laser is not contradictory to the structural factor of having 
long optical-resonator length compared with DFB mold semiconductor laser. 
[0014] However, generally the optical isolator is arranged at this path. Then, it 
experimented in order to perform still more detailed examination about return light. 
About this experiment, it mentions later and only that result is shown here. While the 
artificer discovered that return light was reducing the bit error rate according to the 
result, it discovered that the optical isolation value was connected with the bit error 
rate attained. 

[0015] Then, the artificer considered this invention as the following configurations. 
[0016] The luminescence device concerning this invention is equipped with the optical 
generating section, the output of the luminescence device concerned, and an optical 
isolator. The optical generating section contains a semi-conductor optical amplifier 
and a grating fiber. A semi-conductor optical amplifier will generate light, if a carrier is 
poured into the barrier layer which has a light emission side and a light reflex side. A 
grating fiber has the end optically combined with the light emission side of a 
semi-conductor optical amplifier, the other end, and the diffraction grating prepared in 
the core section. The output is prepared so that the light generated in the optical 
generating section may be offered. The optical isolator is arranged between the 
optical generating section and an output. In such a luminescence device, the isolation 
of an optical isolator is beyond a value specified by -52.4-8.7xlog (BER) in dB unit 
about the bit error rate BER which should be attained with the transmission speed of 
2.5Gbps in 1 .55-micrometer band. 

[001 7] In the luminescence device concerning this invention, the optical isolator is 
optically combinable with the other end of a grating fiber. 

[0018] The luminescence device concerning this invention is equipped with two or 
more optical generating sections, the output of the luminescence device concerned, 
and an optical isolator. The optical isolator is arranged between two or more optical 



generating sections and an output. Furthermore, in such a luminescence device, it can 
have an optical multiplexing means for multiplexing each light generated in two or 
more optical generating sections. In the luminescence device concerning this 
invention, an optical isolator can be arranged between an optical multiplexing means 
and an output. 

[0019] The diffraction grating prepared in the core section of the grating fiber which 
the method of generating the signal light concerning this invention generated the 
lightwave signal in (1) semi-conductor optical amplifier, and was optically combined 
with the light emission side of a semi-conductor optical amplifier. In the light reflex 
side of a semi-conductor optical amplifier, reflect signal light and it amplifies. (2) 
Provide an optical transmission line with signal light in an optical transmission line 
through the optical isolation beyond the value specified according to -52.4-8.7xlog 
(BER) about the bit error rate BER in dB unit which should be attained to the light of 
1.55-micrometer band with a transmission speed of 2.5Gbps. It has each step. 
[0020] The approach of sending out the signal light concerning this invention makes it 
possible to send out the signal light adjusted so that a predetermined bit error rate 
might be attained. The diffraction grating prepared in the core section of the grating 
fiber which this approach generated the signal light of 1.55-micrometer band in (3) 
semi-conductor optical amplifier, and was optically combined with the light emission 
side of a semi-conductor optical amplifier. In the light reflex side of a semi-conductor 
optical amplifier, refiect signal light, and it amplifies. (4) It has each step which sends 
out the signal light amplified through the optical isolation beyond the value determined 
according to -52.4-8.7xlog (BER) about the bit error rate BER in dB unit which should 
be attained to the amplified signal light. 

[0021] The optical transmission system concerning this invention is equipped with the 
optical transmission line which combines optically an optical transmitter, an optical 
receiver, and an optical transmitter and an optical receiver. An optical transmitter 
sends out the lightwave signal which has 1 or two or more wavelength, and an optical 
receiver receives this lightwave signal. In such an optical transmission system, an 
optical transmitter has the optical isolator arranged between the output prepared so 
that the light generated in 1. two or more optical generating sections and 1. or two or 
more optical generating sections might be offered, and 1 or two or more optical 
generating sections and an output. The isolation of an optical isolator is set up beyond 
the value specified by -52.4-8.7xlog (BER) in dB unit about the bit error rate BER 
which should be attained with the transmission speed of 2.5Gbps in 1 .55-micrometer 
band. 

[0022] In the optical transmission system concerning this invention, an optical 
transmitter can have an optical multiplexing means for multiplexing each light 
generated in 1 or two or more optical generating sections, and an optical receiver can 
have an optical spectral separation means for separating spectrally the light received 



from the optical transmission line. 

[0023] This invention relates to the approach of determining an isolation value 
required in order that the luminescence device of an external resonator mold may 
attain a predetermined bit error rate. A trial device contains the optical generating 
section containing an external resonator. A luminescence device contains the optical 
isolator which attains an isolation value, and the optical generating section. The 
following steps are contained in this approach. (5) The step which prepares a trial 
device is contained. (6) Where it generated signal light in the trial device and the 
specified quantity of signal light is returned to a trial device, the step which measures 
the bit error rate of a trial device is contained. (7) The step which the specified 
quantity is changed and measures a trial device bit error rate is contained. The 
property which the part except an optical isolator has by this can be known. (8) The 
step which determines the isolation value of a luminescence device is contained from 
the return quantity of light which can attain a predetermined bit error rate, and the 
system return quantity of light estimated when the output of a luminescence device 
won popularity. If it explains in instantiation, an isolation value will be determined that 
it will attenuate the system return quantity of light until it attains the return quantity 
of light which can attain a predetermined bit error rate. 

[0024] According to this approach, the return quantity of light which can attain a 
predetermined bit error rate is calculated. An isolation value is determined so that the 
return quantity of light which can attain a predetermined bit error rate to the 
estimated system return quantity of light may be obtained. The minimum isolation 
value of the optical isolator with which a luminescence device should be equipped is 
acquired by this. 

[0025] The method of determining an isolation value is applicable so that the following 
steps may be included. The step which prepares the trial device containing the optic 
containing the diffraction grating which has the rate R1 of a light reflex, and the 
semi-conductor optical amplifier optically combined at a diffraction grating and the 
joint effectiveness eta 1 can be contained. Moreover, the step which calculates the 
return quantity of light to a semi-conductor optical amplifier based on Pc=eta 
Ix(l-RI) xPr from the relation between the bit error rate of a trial device and the 
specified quantity of return light can be contained. Furthermore, the return quantity of 
light to a semi-conductor optical amplifier is based, and the step which calculates the 
return quantity of light to the luminescence device which has an optic containing the 
diffraction grating which has the rate R2 of a light reflex, and the semi-conductor 
optical amplifier optically combined at a diffraction grating and the joint effectiveness 
eta 2 based on Pr=Pc/(eta2x (1-R2)) can be contained. The step which calculates an 
isolation value from the return quantity of light to the luminescence device which has 
the semi-conductor optical amplifier optically combined at a diffraction grating and 
the joint effectiveness eta 2 further again can be contained. 



[0026] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained 
referring to a drawing. The explanation which gives the same sign to a same or similar 
part, and overlaps is omitted. Hereafter, in this specification. 1 .55-micrometer band 
means the wavelength band of the 1 .53-micrometer or more range of 1 .62 
micrometers or less. 

[0027] The luminescence device (luminescence equipment) concerning the gestalt of 
the 1st operation is explained using drawing 1 and drawing 2 . This luminescence 
device has the structure of a fiber grating laser module. Drawing 1 is the perspective 
view of a laser module, and as the situation of the interior becomes clear, it has 
become a fracture Fig. in part. Drawing 2 expresses the laser module principal part, 
and is a sectional view in the M cross section of drawing 1 . 

[0028] If drawing 1 is referred to. the laser module 1 will be equipped with the laser 
module principal part 10 and housing 12. Housing 12 is a butterfly mold package in the 
example shown in drawing 1 . The laser module principal part 10 is arranged on the 
base in a package 12. Where inert gas. for example, nitrogen gas. ** is enclosed, the 
closure of the laser module principal part 10 is carried out into the package 12. 
Housing 12 is equipped with body section 12a which has contained the semiconductor 
laser laser module principal part 10, tubed part 12b holding an optical fiber 48. and two 
or more lead pin 1 2c: 

[0029] The laser module principal part 10 has an optic 14. the semi-conductor optical 
elements 16 and 18. the loading members 22, 24. and 26. and the alignment device 
section 28. 

[0030] The loading member 22 carries the semi-conductor optical amplifier 1 6. and 
the loading member 28 carries the semi-conductor photo detector 18. The loading 
member 24 carries the loading members 22 and 28. The loading member 24 is arranged 
on the thermoelectron condensator (thermostat electric cooler) 20. The 
thermoelectron condensator 20 is put in practical use as a temperature control 
component using a Peltier effect. Since the semi-conductor optical amplifier 16 is 
arranged on the loading member 24. the thermoelectron condensator 20 can control 
the temperature of the semi-conductor optical amplifier 16. For this reason, the 
ingredient of the loading member 24 has a desirable thermal conductor called the 
alumimium nitride (AIN) used for the chip carrier. 

[0031] The semi-conductor optical amplifier 16 is equipped with two or more 
semi-conductor layers on the substrate which has an InP semiconductor region. For 
example, the laminating of the 2nd cladding layer containing the multiplex quantum 
well barrier layer and p mold InP semi-conductor layer containing the 1st cladding 
layer containing an n mold InP semi-conductor layer and an InGaAsP semi-conductor 
layer is carried out one by one on an n mold InP substrate. Mask material layers, such 
as an InGaAs semi-conductor layer and an SiN film layer, are formed from on these. A 



stripe-like SiN film layer is formed so that the mesa section may be formed, this is 
made into a mask, and etching removes fields other than the mesa section until it 
results in a substrate. Subsequently, where this mask is left, the current inhibition 
section containing a p mold InP semi-conductor layer and an n mold InP 
semi-conductor layer is formed with selective growth. The mesa section is 
sandwiched by this current inhibition section from a both-sides side. After removing a 
mask, on the almost flat mesa section and the current inhibition section, a p mold InP 
semi-conductor layer is grown up. and the contact layer which subsequently contains 
a p mold InGaAs semi-conductor layer is formed. 

[0032] The MQW structure with which a multiplex quantum well barrier layer is 
equipped includes the laminating of 30 layers which consists of an InGaAsP 
semi-conductor well layer and an InGaAsP semi-conductor barrier layer. The well 
layer and the barrier layer have changed forbidden-band width of face by changing 
elementary composition. A SCH (Separated Confinement Layer) layer can be 
prepared between the MQW structured division and both cladding layers, respectively 
so that the MQW structured division may be inserted from both sides. 
[0033] The rate of a light reflex in light emission side 16a of such a semi-conductor 
optical amplifier 16 is set as a value (for example, 1% or less, preferably 0.1% or less) 
low enough, and light reflex side 1 6b of the semi-conductor optical amplifier 1 6 is set 
as a value (for example. 90% or more) big enough. The rate of a light reflex of light 
emission side 1 6a is lower than the rate of a light reflex of light reflex side 1 6b. and low 
to extent which does not reflect light substantially. Since the light reflex in light 
emission side 16a is made small enough by this, the optical resonator which consists 
of light reflex side 16b and diffraction-grating 14a of the grating flber 14 is formed. 
[0034] When drawing 2 is referred to. an optic 14 has grating (diffraction grating) 14c 
prepared in the optical waveguide between two edges 14a and 14b and these edges 
14a and 14b. An optic 14 can be the waveguide substrate and optical fiber containing 
optical waveguide called Si02 waveguide prepared in Si substrate. Hereafter, the case 
where an optic 14 is an optical fiber is explained. An optical fiber 14 has the core 
section which has a predetermined refractive index while a germanium dioxide is 
included, and the clad section which is prepared in the perimeter of this core section 
and has a refractive index smaller than the core section. If such the core section of an 
optical fiber has photosensitivity to ultraviolet rays and change of a refractive index 
with the periodic core section is prepared, this part will function as a diffraction 
grating. It has the reflectance spectrum which reflects light in a predetermined 
wavelength range, it combines with the below-mentioned semi-conductor optical 
amplifier 16 optically, and diffraction-grating 14c constitutes an optical resonator. 
Although a grating fiber (an optical fiber is also only told to the core section the 
optical fiber which has a diffraction grating, and the following) is illustrated and this 
invention is explained as an optic with the gestalt of this operation, generally it is more 



applicable to the optic which has the diffraction grating prepared in optical waveguide, 
[0035] One edge 14a of an optical fiber 14 has a lens-ized edge, in order to shorten 
optical-resonator length. In a lensHzed edge, the appearance of an edge is formed and 
is also called the edge by which point ball processing was carried out so that it may 
have a condensing function. That other end 14b meets an optical isolator 42, and 
since this edge is formed by carrying out end-face polish of the optical fiber 1 4. it is 
also called a polished surface. 

[0036] Tubed part 12b of a package 12 has the through tube which leads to body 
section 1 2a. The optical fiber 1 4 to which light is led from the semi-conductor optical 
amplifier 1 6 passes this through tube. An optical isolator 42 is located in a part for the 
point of tubed part 12b. 

[0037] The optical fiber 14 is supported by supporter material called the alignment 
device section 28. Alignment of the end section 14a of an optical fiber 14 is carried 
out by the alignment device section 28 so that it may combine with the 
semi-conductor optical amplifier 16 optically. Moreover, alignment of the other end 
14b of an optical fiber 14 is carried out so that an optical isolator 42 may be met, and 
it is held at the alignment device section 28. For this reason, other end 14b of an 
optical fiber 14 is optically combined with an optical isolator 42. The light generated in 
the semi-conductor optical amplifier 16 by such arrangement is led to an optical 
isolator. 

[0038] An optical fiber 48 is introduced fi^om a part for the point of tubed part 1 2b of 
a package 1 2, A part for a point is covered with a ferrule 44. and the optical fiber 48 is 
protected. The optical isolator 42 holds the sleeve 46. If a ferrule 44 is inserted in a 
sleeve 46, an optical fiber 48 will be optically positioned to a package 1 2. Edge 48a of 
an optical fiber 48 is formed by carrying out end-face polish of the optical fiber 48, and. 
for this reason, is also called a polished surface. Since alignment of the edge 48a of an 
optical fiber 48 is carried out so that an optical isolator 42 may be met, it is optically 
combined with an optical isolator 42. 

[0039] An optical fiber 48 is optically combined with the semi-conductor optical 
amplifier 16 through an optical isolator 42 and the fiber grating 14 by such 
arrangement. Consequently, according to the optical shaft 2. the semi-conductor 
optical elements 16 and 18, the fiber grating 14, an optical isolator 42, and an optical 
fiber 48 are arranged in a predetermined precision. 

[0040] Moreover, the light which was generated in the semi-conductor optical 
amplifier 1 6, and passed the optical isolator 42 is led to an optical fiber 48. That is. an 
optical isolator 42 intercepts the light from an optical fiber 48 by the predetermined 
attenuance while it is arranged between an optical fiber 14 and an optical fiber 48 and 
makes the light from an optical fiber 14 penetrate. The amount of the external 
disturbance light which reaches the grating fiber 14 is reduced by this. 
[0041] After all, by the module shown in drawing 1 and drawing 2 , optical coupling of 



the grating fiber 14 is carried out to light emission side 16a of the semi-conductor 
optical amplifier 16, and light is reflected in light reflex side 16b of the semi-conductor 
optical amplifler 1 6. With this gestalt the rate of a light reflex of light reflex side 1 6b of 
the semi— conductor optical amplifier 16 is set up comparatively more greatly, and the 
rate of a light reflex of light emission side 1 6a of the semi-conductor optical amplifier 
1 6 is set up small enough. The generated light can be taken out from the grating fiber 
14. 

[0042] There is a gestalt of a different optical module from this. With this gestalt, a 
grating fiber is combined with the light emission side of a semi-conductor optical 
amplifier, and light is taken out from the light reflex side of a semi-conductor optical 
amplifier. With this gestalt, the rate of a light reflex of the light reflex side of a 
semi-conductor optical amplifier is small set up in comparison, and the rate of a light 
reflex of the light reflex side of a semi-conductor optical amplifier is set as the rate of 
a light reflex comparable as semiconductor laser by usual. The generated light can be 
taken out from the light reflex side of a semi-conductor optical amplifier. An optical 
isolator can be inserted between the edge of the optical fiber for optical ejection 
which meets a light reflex side, and the light reflex side of a semi-conductor optical 
amplifier. 

[0043] Drawing 3 (a) and drawing 3 (b) are the drawings in which the gestalt of 1 
operation of an optical isolator called a fiber mold optical isolator was shown typically. 
An optical isolator 42 has Faraday rotator 42c in 1 st birefringence device 42a which 
aligned in accordance with the predetermined shaft, 2nd birefringence device 42b, and 
a list. The 1st and 2nd birefringence devices 42a and 42b are the birefringence 
members (birefringence optical element) containing a rutile and a birefringence 
ingredient called a wedge mold birefringent plate. 1 st birefringence device 42a has met 
so that it may combine with end 14b of the grating fiber 14 optically. 2nd birefringence 
device 42b has met so that it may combine with end 48a of an optical fiber 48 optically. 
Faraday rotator 42c includes for example, a Bi-YIG crystal. Faraday rotator 42c is 
arranged between the 1 st and 2nd birefringence devices 42a and 42b. 
[0044] The light from the grating fiber 14 is led to 1 st birefringence device 42a through 
the lens means of lens 42d. The light from 2nd birefringence device 42b is led to an 
optical fiber 48 through a lens means, lens 42e. 

[0045] The optical isolator of such structure has the property of isolation 40dB by 
2dB or less of insertion losses to the light of for example, 1 .55-micrometer band. 
When the further isolation is required, the serial of two or more optical isolators can 
be carried out, and it can connect. 

[0046] In drawing 3 (a) and drawing 3 (b), the path of light which goes to the forward 
direction and hard flow is explained. The light by which outgoing radiation was carried 
out from end 14b of the grating fiber 14 turns into an almost parallel light by lens 42d. 
This light passes Faraday rotator 42c, after separating into forward Tsunemitsu 



(continuous line) and abnormality light (broken line) in 1 st birefringence device 42a. If 
incidence of it is carried out to lens 42e after the light which passed passes 
birefnngence device 42b again to the 2nd. it will be condensed by end 48a of an optical 
fiber 48. On the other hand, the light from an optical fiber 48 turns into an almost 
parallel light by lens 42e. This light passes Faraday rotator 42c. after separating into 
forward Tsunemitsu (continuous line) and abnormality light (broken line) in 2nd 
birefnngence device 42b. If incidence of it is carried out to lens 42d after the light 
which passed passes birefringence device 42a again to the 1st. it will be condensed by 
different location from end 14b of the grating fiber 14. Thus, in an optical isolator 42. 
since the paths of the light (light of the forward direction) from one port and the light 
(light of hard flow) from the port of another side differ, although the light which goes to 
an one direction passes an optical isolator 42. the light from other cannot pass an 
optical isolator 42. 

[0047] The experiment made in order to perform still more detailed examination about 
the return light to a luminescence device is explained. Drawing 4 is the drawing in 
which the condition of optical association in the case of this experiment was shown. 
[0048] If drawing 4 is referred to. a trial device called the fiber grating laser used for 
an experiment is contained by housing 12. In housing 12. the photodiode 18 which 
supervises the luminescence condition of the semi-conductor optical amplifier 16 with 
which diffraction-grating 14c was optically combined with end 14a of the grating fiber 
14 formed in the core section and this grating fiber 14, and the semi-conductor optical 
amplifier 16 is arranged. A trial device can be equipped with the structure shown in 
drawing 9 when it will have the structure by which the luminescence device was 
shown in drawing 1 . if a luminescence device and a trial device are shown in 
instantiation. 

[0049] The grating fiber 14 is connected to 1st port 63a of the optical coupler 63. 2nd 
port 63b is connected to input 64a of an optical isolator 64 through optical fiber 68a. 
The bit error rate (BER) measuring instrument 65 is connected to output 64b of an 
optical isolator 64 through optical fiber 68b. Moreover, it connects with input 66a of 
the adjustable attenuator 66 through optical fiber 68c at the 3rd port 63c of the 
optical coupler 63, and the output is combined with the total reflection mirror 67 which 
carries out total reflection of the light received in 1.55 micrometers mostiy through 
68d of optical fibers. As for the 4th port of the optical coupler 63. nonreflective 
processing is performed. For example, an optical isolator 64 has about 60dB isolation. 
[0050] Here, a bit error rate BER is prescribed by E(t) / N (t). E (t) shows the number 
of bits received in the error between time amount t. and N (t) shows the total number 
of bits transmitted between time amount t. 

[0051] In an experiment system, the optical coupling of the grating fiber 14 and the 
semi-conductor optical amplifier 16 is -2.8dB. The reflection factor of the optical 
sending-out side of the semi-conductor optical amplifier 16 is 0.1% or less in 



1.55-micrometer band, and the reflection factor of a light reflex side is 80% in 
1 .55-micrometer band. 

[0052] According to the experiment system of drawing 4 . while a part is reflected and 
the light A which was generated in the semi-conductor optical amplifier 16. and was 
emitted from light emission side 16a turns into the reflected light C in 
diffraction-grating 14c, the remainder serves as the transmitted light E. The monitor 
light B is emitted from light reflex side 16b of the semi-conductor optical amplifier 16. 
and incidence is carried out to a photodiode. 

[0053] In the experiment using such an experiment system, the artificer found out the 
relation of isolation and a bit error rate. When the reflective return quantity of light 
was changed, the bit error rate changed according to this amount of return. That is, in 
the above-mentioned experiment system, if the magnitude of attenuation of the 
adjustable attenuator 66 is changed, the return quantity of light to fiber grating laser 
will change. Therefore, if a bit error rate is measured with a measuring instrument 65. 
changing the magnitude of attenuation of the adjustable attenuator 66, it will become 
having changed optical isolation and equivalence. 

[0054] The artificer inquired further, in order to analyze an experimental result. The 
return light which affects a bit error rate has actually noticed it being the light D which 
reaches even the semi-conductor optical amplifier 16. Fiber grating laser emits light in 
the quantity of light PO. The relation between the quantity of light Pr which returns to 
diffraction-grating 14a of the grating fiber 14, and the quantity of light Pc which 
returns even to the semi-conductor optical amplifier 16 is expressed as Pc=Prxetax 
(1-RFG). Here, eta shows the joint effectiveness of the semi-conductor optical 
amplifier 16 and the grating fiber 14, and 1-RFG shows the permeability in 
diffraction-grating 14c. By this experiment system, since it is eta=-2.8dB and 
RFG=70%. it is set to etax(l-RFG) =-8dB**1/6.3. Therefore, it is set to Pc**Pr/6.3. 
[0055] Drawing 5 is the property Fig. which measured the bit error rate when changing 
the rate of the return light of the reflected light in this experiment system. 
Measurement was performed by transmission-speed 2.5 Gbit/s. the measurement 
pattern NZR. and PRBS 1 023-1 . Pr/PO is shown on the axis of abscissa per dB. If the 
return quantity of light is reduced, it is shown in drawing 5 that a bit error rate also 
falls. 

[0056] An artificer is set to Pc/P0=etax(1-RFG) xPr/POIog(Pc/PO) =log(etax 
(1-RFG))+log (Pr/PO) based on the property shown in drawing 5 . Substitution of many 
constants of the fiber grating laser used for this experiment found out that log(Pc/PO) 
=-8 dB+log (Pr/PO) was obtained. With this relational expression, the axis of abscissa 
of drawing 5 can be read as the return quantity of light Pc to the semi-conductor 
optical amplifier 1 6. Therefore, the relation between the return quantity of light Pc to 
the semi-conductor optical amplifier 16 and a bit error rate (BER) is obtained. 
Moreover, the artificer thinks that the system return quantity of light (the amount of 



the maximum reflection) in the system currently assumed is about 1 0xlog(Pr/PO) 
=-25dB. Therefore, the difference of this return quantity of light and the return 
quantity of light corresponding to the bit error rate which should be attained serves as 
required isolation. "Required isolation" is an optical isolator and the value which 
should be attained by eta and RFG. For this reason, in order to determine the value of 
an optical isolator, contribution must be removed from eta and RFG. Thus, the result 
searched for is shown in drawing 6 . In drawing 6 , it is the property Fig. showing 
relation with a bit error rate with the isolation which an optical isolator should attain. If 
the black dot in drawing 6 is applied to a linear expression using a least square method, 
I=-58.6-8.7xlog (BER) will be obtained. Therefore, as for isolation, in the bit error rate 
10-10 and ten to 12 or more range which should be attained, it is desirable to be set 
up according to this relational expression. 

[0057] Subsequently, the artificer invented the procedure of generally drawing 
applicable relation, without being restricted to the fiber grating laser adopted in the 
experiment. Generally, eta and (1-RFG) various values can be taken. 
[0058] 

if it changes in Pc/P0=etax(1-RFG) xPr/PO in the range many constants of whose of 
fiber grating laser are -0.5 dB<=eta <=10dB1%<=RFG<=90% — isolation — being 
related — (a) — most advantageous condition:eta=10dB RFG= — 90% (b) — most — 
unfavorable-conditions: — it is thought that they are eta=-0.5dB and RFG=1%. These 
properties are shown in drawing 6 . If it applies to a linear expression also about these 
properties (a) I=-63.4-7,9xlog (BER) (b) I=-52.4-8.7xlog (BER) is obtained. In drawing 
6 . the predetermined bit error rate is attained in the field of each straight-line top. 
[0059] The following contents are understood from these formulas. By the fiber 
grating laser of conditions (a), since about 7.5dB of eta is bad compared with the laser 
used for the experiment it is equivalent to at this rate, and isolation can be made 
small. Since about 12dB of eta is good compared with the laser used for the 
experiment the big isolation equivalent to at this rate is required of the fiber grating 
laser of conditions (b). 

[0060] Here, the decision approach of the isolation to an external resonator mold 
luminescence device called the fiber grating laser which has many general 
characteristic values was shown. If this approach is adopted, the same count as the 
estimate shown here can be performed using the figure adopted here and a different 
figure. Moreover, it takes into consideration to the temperature characteristic of each 
part article, and an isolation value can be determined. Furthermore, the isolation value 
when changing a transmission rate can also be calculated. In addition, the isolation 
value in consideration of one [ at least ] dispersion of eta and RFG can also be 
estimated. 

[0061] Drawing 7 is the mimetic diagram of the luminescence device concerning the 
gestalt of the 2nd operation. The same sign is given to drawing 1 and the same part of 



drawing 2 . Reference of drawing 7 illustrates luminescence device 1 B containing the 
fiber grating laser 11. In the fiber GURETIN graser 11 contained in luminescence 
device IB, it is the same as fiber grating laser 1A the optical isolator 42 was indicated 
to be to drawing 1 and drawing 2 except for the point currently transposed to the 
optical isolator 40. An optical isolator 40 can also be attached in housing 1 2, and can 
be arranged separately [ housing 12 ]. That is, the optical isolator 40 is formed 
between the grating fiber 14 and optical waveguide 50. 

[0062] Fiber grating laser 1 B contains the semi-conductor optical amplifier 1 6, the 
grating fiber 14. and an optical isolator 40. The fiber grating 14 has diffraction-grating 
14c which has the reflectance spectrum of the main wavelength lambda 0. Light 
emission side 16a of the semi-conductor optical amplifier 16 is optically combined 
with end 14a of the grating fiber 14. Other end 14b of the grating fiber 14 is optically 
combined with the input of an optical isolator 40 called a fiber mold isolator. The 
output of an optical isolator 40 is optically combined with optical waveguide 50 called 
an optical fiber. The semi-conductor optical amplifier 16 and the grating fiber 14, and 
the end section are contained in housing 12. Light reflex side 16b of the 
semi-conductor optical amplifier 16 is optically combinable with the light-receiving 
side of the photodiode for monitors (1 8 of drawing 1 ). The semi-conductor optical 
amplifier 16 is modulated by the signal 51 from the outside. The modulated signal is 
sent out to optical waveguide 50 through an optical isolator 40. On the other hand, the 
return light from an optical transmission line 50 is intercepted by the optical isolator 
40 under at the predetermined value. Consequently, also in a practical environment, a 
10 to 10 or less-about bit error rate is attained. 

[0063] Drawing 8 is the mimetic diagram of the luminescence device concerning the 
gestalt of the 3rd operation. The same sign is given to drawing 1 and the same part of 
drawing 2 . Reference of drawing 8 illustrates luminescence device 10 for WDM. 
Luminescence device 10 has two or more fiber grating laser 11a. lib. and 11c. optical 
isolators 41, and optical multiplexing means 52. 

[0064] Each of two or more fiber grating laser 11a, lib, and 11c can be equipped with 
structure as shown in drawing 9 . In drawing 9 . the same sign is given to the same part 
as drawing 1 and drawing 2 , Moreover, fiber grating laser 1 1 a generates the light of 
the oscillation wavelength lambda 1. fiber grating laser lib generates the light of the 
oscillation wavelength lambda 2, and fiber grating laser 1 1 c generates the light of 
oscillation wavelength lambdan. The output of the fiber grating laser 11a. lib, and 11c 
is combined with the input port 52a, 52b, and 52c of the optical multiplexing means 52. 
The optical multiplexing means 52 can multiplex and can provide 52d of single output 
ports with the light given to these input port. The optical multiplexing means 52 can be 
an optical coupler or an optical multiplexing machine 52 called AWG (Arrayed 
Waveguide Grating). It is combined with 52d of output ports of the optical multiplexing 
means 52 by the input of an optical isolator 41 through optical waveguide 54. The 



output of an optical isolator 41 is combined with optical waveguide 50 called an optical 
fiber. 

[0065] The WDM signal containing a wavelength component (lambda 1. Iambda2. — 
lambdan) is given to optical waveguide 50. The semi-conductor optical amplifier 1 6 
contained in the fiber grating laser 11a, 1 lb, and 1 1c is modulated by the signals 51a, 
51b, and 51c from the outside, respectively. It is multiplexed by the optical 
multiplexing means 52, and the modulated signal is sent out to an optical transmission 
line 50 through the single optical isolator 41, respectively. On the other hand, the 
return light from an optical transmission line 50 is intercepted by the optical isolator 
40 under at the predetermined value. For this reason, the return light to the 
semi-conductor optical amplifier 16 contained in the fiber grating laser 11a. lib, and 
11c is stopped by the predetermined value at the following. Consequently, in a 
practical environment, a 10 to 10 or less-about bit error rate is attained. 
[0066] Drawing 10 is a drawing in which the WDM optical transmission system 9 is 
shown. An optical transmission system 9 is equipped with the optical receiver 3. the 
optical transmitter 4. and the optical transmission line 8 that combines the optical 
transmitter 4 and the optical receiver 3 with a list. 

[0067] The optical receiver 3 has optical input port 3a. electric-generating-power 
terminal 3b. two or more photo detector 3c, and 3d of optical spectral separation 
means. 3d of optical spectral separation means can divide spatially the light received 
in input port for two or more wavelength components of every. The WDM lightwave 
signal from optical input port 3a is divided into a spatially different location for every 
wavelength component by 3d of optical separators called AWG. It is inputted into 3d of 
different photo detectors for each [ each signal is transmitted ] wavelength 
component of every, and is changed into an electrical signal 7. An electrical signal 7 is 
sent out from output port 3b. 

[0068] Luminescence device 1C shown in drawing 8 is employable as the 
optical-communication machine 4. Output port 4a is connected to the optical 
transmission line 8 in the optical transmitter 4. The optical transmitter 4 offers the 
WDM lightwave signal modulated by input terminal 4b by this signal 51 in response to 
the modulating signal 51 which should be transmitted from output port 4a. 
[0069] An optical transmission line 8 equips optical amplifiers 6a and 6b and a list with 
optical waveguides 50a, 50b, 50c, and 50d. Respectively optical waveguides 50a. 50b. 
50c, and 50d connect between optical amplifiers 6a and 6b, connect optical amplifier 
6a and the optical transmitter 4. and connect between optical amplifier 6b and the 
optical receivers 3. 

[0070] In such a WDM optical transmission system, since the optical isolator of a 
predetermined attenuance is inserted between the output of the optical transmitter 4, 
and the semi-conductor optical amplifier, data transmission of the bit error rate which 
suited the demand of a transmission characteristic is realized. With the gestalt of this 



operation, although the equipment concerning the gestalt of the 3rd operation was 
adopted as an optical transmitter 4, the equipment concerning the gestalt of operation 
can also be adopted as the 1 st and the 2nd, and the same operation and effectiveness 
are acquired. 
[0071] 

[Effect of the Invention] As explained to the detail above, according to the 
luminescence device concerning this invention, it has the optical generating section, 
the output of the luminescence device, concerned, and an optical isolator. The optical 
isolator is arranged between the optical generating section and an output. In such a 
luminescence device, the isolation of an optical isolator is specified in dB unit about 
the bit error rate BER which should be attained with the transmission speed of 
2.5Gbps in 1.55-micrometer band more than -52.4-8.7xlog (BER). 
[0072] According to the approach of determining the isolation value to which the 
luminescence device of an external resonator mold makes it possible to attain a 
predetermined bit error rate, an isolation value is determined from the return quantity 
of light which can attain a predetermined bit error rate, and the system return quantity 
of light. For this reason, the minimum isolation value of the optical isolator with which 
a luminescence device should be equipped is acquired. 

[0073] Therefore, the luminescence device which can attain the property exceeding a 
predetermined bit error rate, the method of generating signal light, and the method of 
determining an isolation value as an optical transmission system list are offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 shows the perspective view of the fiber grating laser 
concerning the gestalt of the 1st operation. 

[Drawing 2] Drawing 2 shows the drawing in the I-I cross section of drawing 1 . 
[Drawing 3] Drawing 3 (a) and drawing 3 (b) are drawings in which the structure of an 
optical isolator is shown. 

[Drawing 4] Drawing 4 is a drawing in which the experiment system showing the 
optical system which measured the bit error rate is shown. 

[Drawing 5] Drawing 5 is the property Fig. showing the relation between reflective 
return light and a bit error rate. 

[Drawing 6] Drawing 6 is the property Fig. showing relation with a bit error rate with 
isolation. 

[Drawing 7] Drawing 7 is the mimetic diagram of the luminescence device concerning 
the gestalt of the 2nd operation. 



[Drawing 8] Drawing 8 is the mimetic diagram of the luminescence device concerning 
the gestalt of the 3rd operation. 

[Drawing 9] Drawing 9 is the perspective view showing fiber grating laser. 

[Drawing 10] Drawing 10 is the mimetic diagram of a WDM optical transmission system. 

[Description of Notations] 

1A A laser module, IB, 1C — A luminescence device, 3 — An optical receiver, .4 
[ — Optical transmission line. ] — An optical transmitter, 6a. 6b — An optical 
amplifier, 7 — An electrical signal, 8 9 — A WDM optical transmission system, 10 — 
11 The laser module principal part. 1 la, 1 lb, 1 1c ~ A fiber GURETIN graser, 12 — 
Housing, 14 — 16 A grating fiber, 18 — A semi-conductor optical element. 20 — 
Thermoelectron condensator (thermostat electric cooler). 22, 24, 26 — A loading 
member, 28 — The alignment device section, 40. 41. 42 — Optical isolator, 42a — The 
1st birefringence device, 42b — The 2nd birefringence device. 42c — Faraday rotator. 
42d, 42e [ — Optical waveguide, ] — A lens, 44 — A ferrule, 48 — An optical fiber, 50 
51a, 51b. 51c [ — An optical coupler, 64 / — An optical isolator 65 / — A bit error 
rate (BER) measuring instrument, 68a-68d / — Optical fiber ] ~ The signal from the 
outside. 52 — An optical multiplexing means. 54 — Optical waveguide. 63 
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V\y-^(DT^V\y-i/3y\,t. 1. 5 5 /tin^(Ct5l/-> 
TfijijigZ. 5GbpsT'iifi!c?n5'<fre'y hx^ 
-$B E RtcMtTd B*{4{Ct5l/^T-5 2. 4-8. 
7X 1 o g(B E R)T^iS$nT(/^-5fia±-efe.|.o 
[0 0 17] ■:^WLm\n^t>^Wt9>U7.X\t. 

[0 0 18] ^fga^ic^i^^sfiJtxA^'xa. 

[0 0 19] *^B^{C0^b5fi^?te^%^t-57^a{i. 

(l)^#^*7t^i<lS^c4o^,^T7t^i^^?l4L, ^l^^i^Tt 
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(2)GjMiig2. 5Gbps©l. 5 5 /i m^O^Kjhf 
ERfcMLT 

-52. 4-8. 7X 1 og(BER) 

\z^-oX^zn^imxk.<r>m'^v\y-y^y^S\\. 
x%'£^mzm%^%i£&mcmkt^. ^-ti^n© 

[0 0 2 0] *%«B{c^t>«M^Jt«:Him-rs:^rft{i, 

m^©t:-y hX7-^^iifi!t'r?>i9{ciSS?n/-cfi^ 

f-'r>^'*7 7i'/^"<Dn7^ftigite.nfc(H]ilTlS?i:. * 

d B#{ilcfent?,e-y hx-7-$BER{cMtT 
-52. 4-8. 7X 1 og(BER) 

[0 0 2 1] *|g0^{Cilt)5)1:afl'>7.f-A(i, Tti^ffi 

"^^t^ifs^h. ^m^^o 9t^m^it. 1 f fca 

mmmit. i tfctia^^^n^gpi:, i s/cfijis^© 
jft^^mooi^^x^^snrcyt^mmt^ ^ o tciait 

mtntcftT-^viy—^t. ^w-r^o 7te7'ryb-^ 

(D7'<y 1.55 /I mwlCiot/^TeiMji 

52. SGbpsTiifiK^n^-^te-y Hx-7-^BE 
RfCMtTd B*{ij[fCt3V^T 
-5 2. 4-8. 7 X 1 o g(B E R) 

[0 0 2 2] ^^B^tC^^^SJieafiv-XrAT-fi, JtjSI 

fflfgfi. 1 ^tzim'^(oit^^mzt5\.^x^^tntz=t 

[0 0 2 3] *ISB^{±. ng|5±tffi§iSJcD%7^x/W7.A^ 
m^lf -y hx^-$*3ifi!t-r?>fc4i>{C/i^g>5:7'i'yU- 

vu-i/3ym^mi^t^^7-fvu—^t. Tfe^^as 

(5)K^-r''W7.%*(i-r5Xx-y/A^^f n§„ {6)IS 

mmT/'i-fxicmLrc^mx\ M^T/w;^©e>y fx 
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^-m^m^t?>7.7--yyt,^-^^ti^, (7) m^m^ 

7ta^rMs?-^5 J: 5 71' y > 3 yfflA^g^^^n 
[0 0 2 4] c:©:^}Stci:n{f. m&<D\£y h:L^-m 

t)7t«A^ff ^.n^idf;:. T-ryt'-i/Hyfi*^^^^ 
Co 0 2 5] 7^vu-iy3>m^^^t^yjmi. i:i 

•5 7ie«m^«i:©M^3t)^P, P, = t; , X ( 1 - R , ) X t 
•r5K»)^fe*«:Pr = Pc/(T/z x(i -Re)){ta^v>T 

titeiii:*^-r5fgjtxA^xt«-r-5M»3^«7!)^e,7 

[00 2 6] 

fet^T, 1. 5 5iimmtii. 1. 5 3/imJM±l. 6 
[0 0 2 7] Hlt3j;i;02^fflV^T. ® 1 ©^jfig^JB 

g|5®Wr0»CiS:oTV>5o 02 (i, U— »f^r>?ji-;l/ig 
10 0 2 8^ mi ^mmt^t. U-+fti/-i-;H 
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So u— 'f*i/*a-;i/±sgpi oa. ^si4**x, fiajA 

*v^a-;l/4SSl5l 0^lRi|fitTI,^5*i*g|5l 2 a. 

-Ktf>l 2 c^fiB^So 
10 [0 0 2 9] iftv'a-yUiS^ 1 0{±. T^^gPfn 

1 4i:. ^^mwye^m^l6. i st. is«gw2 2. 

2 4. 2 6t. iiim^io-itWtm^Z 8 t. ^WfSo 
[0 0 3 0] JSacgP*^ 2 2 {±*sift3tiii|®g§ 1 G^j^i^ 

5o }§«gi5*t2 4fi. ^«gi5*j2 2. 2 8^mmtX\.> 
5o lS«a5«2 4 tt. (-^--^xb^/ h ij 

.y^^_^) 2 0O±{CSBB?nTl/>§o «J«?/^S]§§ 

20 7l£i§te§§ 1 6*«g|5^^ 2 4 ±{cEH$nTI/^§OT\ 

«a5i^2 4(D*^m. ^■y:/4^^u7tcfijffl$nTi>?) 

mit7JlS.-<yL (A 1 N) i:i/^o/-ciim»<*3!)WSL 

[00 3 1] ^mW^m^M^ 1 6 ti. In p^l^jgf^^lgE 

S I n P»«±{i:. I n P*»i^^g^#tyg l (D^ 
^ 7 Kg> I n G a A s P^»f*:S^^tf^aa^#P 

p s 1 n p ^mi^m^^tsm 2<D^^'y 

30 ^»^(c«»-rs„ !ltl^(0±i)^P> I n G a A s 

x>y^>^(Cj:om7&-r5o '^V^T% C(DVX^7*JS 
LfcWMT. I n P*Wf*gi3cl:t;n§y I n P^ii 

i:©«^!^Effl±gf!^CJ;r^TjS(iffi*^^fi^^n5o 

±a5©±(c p§i I n p^mi^m^^mL. oi^r-ps i 

[0 0 3 2] ^S«?#pgtt^*^iixSMQW^ii 

a. I n G a A s P*^ft#p®*3 itf I n G a A s P 
^^t*^il«A^6)*S3 OScDae^r^tfo #p®:J3J; 

MQWmm^m^^y FSi:©P^tCS CH(Separate 
d Confinement layer)S^^!h.^tlW^^C tti^X'S 

So 

[0 0 3 3] c©j:9=5:4^«<*7ttgilit§l 6©)t)Kai® 
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%«T> j!?$t<{iO. 1 %l^T)lc^$n. 

TfetHiggi 6(oyt&^mi 6 b a, +^{c;*:t*ffi(eij 

9 0%J.X±)fCl5^?n§„ ^mffi 1 6 a<D3feS 

[0 0 3 4] mz^^mt^t. jt^a5p°ni 4{i. 20 

©SSg|5l4a, 1 4 b. :fe<ktf<:n^<Oi^g|Jl 4 a. 1 10 

1 4 c^^-r-So Tis^asai 4 a, s iSfitc^ 

a5p°p 1 4*^7lc7 7'-j'/^t?$.i.«^fCOt/^TH{Ji^$n?.„ 

^77-1'/^ 4a. mit'f/i'^^.'^K^'^tstmcm^ 
? 1 4 c a, mmom&miosi^xyt^mt^mT. 

[0 0 3 5] ^t7r-r-'U 4©-7j©Cg|5l 4 aa. 30 

ffiiSl 4 b a. %T^V\y-^A 2lC^*ffiL. COfflgB 
a. 7t7T^/U 4^4SEWS-r-5ili:tcj;^T}gfig$ 

[0036] /^yy-v^l 2©f§4*gPl 2 ba. *i*:g|5 

TtiiifitBi 6jb^5>7ie*^<7t7 7-r>'^i 4*^jiji-r-5a 

if «g|5 1 2 b <D5fe4SS|5^tC a. 7t7f y ^ 4 2 40 
[0 0 3 7] it-yr^i^X 4a, {siS^to-l*-«l1igi52 s 

1 4 (D-iffigp 1 4 a a. ^mw^i^i^m \ e tcTt^wtc 

*g^-r 5 J; 9 tc{uB^b-<t^«a5 2 8 fc cfc -3 T{4«^tD 
■a-^nrt-^^o ^fc. 7^7 40(61^1 4 ba, 
^7i'yu-^?4 2tc^tf[S-r5J:-5fcfi[g^t)-(*-$n. 

77-1'/^ 4<0ffiffil 4 ba. ^7i'yb-:J'4 2 i:?^ 
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[0 0 3 8] A.y-y-v'l 2(0m^^l 2 b(Dfti!S^gP5^ 
*^^a, 5fe7 7-r/^4 8*^^A?n-5o 5t77'l'>'^4 8 

a. 7x;i/-;i/4 4{cj;-:>T5feiSgi55i-A^st5n«a$n 

T(/^§o }>t7'r yi^-:? 4 2 a> X'J-74 6^ffi^L 
Tl-'So 7x;l/-;l/4 4*<XU-7"4 BtCjfA^nS 

7lc77-r/^4 8l,V^y^-iy\ ZlcfiLZ^'^mc 
{sifi^46?n5o 3t77'<>'^4 8<DiSgP4 8 aa. 3t7 

/'c460f^Mi:^>'¥an§o 7^7 71'/^ 8<D!!igP4 8 a 
a. Jt7-YyU'-:?4 2(i:Wffi-r?)i9tC{S«^t>-ti-? 

[0 0 3 9] i:(D<t9%iBBt<toT, 7^77-1'/^ 4 8 

^7YyU'-^4 zisiixsyy-^f'^^'v-y-^y^' 
1 4%^LT*»<*7fetMi|ig§l 6fc?te^wtc^^$n 
5o CiDig^. 3te^«Sll!l2fC^t.-&T. ^li^f*:)^^* 
?1 6, 18. 7 7l'>'^^*b-T-i'>'y 1 4, 7t7'ry 
U-^'4 2. ?t7 7-r>'^4 8*^RffSO«fiT'iBB^n 

[0 0 4 0] S/c. f*7ttgi|e§§ 1 6 (C*5l/^T5I^$ 

n7t7-i'yb-^4 2%iijiLrc^a, 7^7 7 -r/^ 4 8 
tc»*^n§o o$t?. ^t7-ryb-^4 2a. ^771' 

/^l 4 i:7t7 7-r/^4 8i:<r)r^(cEB5ti. tf77-<)^ 
1 4*^S.(D)ie%igJM?^^§i:«{C, )t7 7'f-'^4 8*^e, 

[0 0 4 1] 01t3<tD*02tC^$n/cti/*jL- 
;l/Ta, 1 6<D7t«ttfiSl eatC^^U'- 

f-i'>^''"7 7'i'/M Mf'^^^^n. ^w^TttiiUfg 1 

T-a. ^»i*^iiili§§l 6(D>tS*fffil 6b©7tSS^* 
tfSBl 6 aCD7l6K*f*a+^^fC/h^<^^$n5o fg4 

snfc^^ayp-r-f >'i''7 7-r/^i 4A^e)5{t)tti$n 
[0 0 4 2] ctitm^ji^yt'ei^rL-jKDmmti^h^o 

e.7t*~%otti^n§„ c(DBmr'ii. ^mi^^m^^o 
^SiWS<07tsftf*ajtKWtc/jN? < igs?n. ^t^Jift 
^^igiiig5<07ts*tffl©7t5i^^aiimfciii»{* b— f 

l>fEfcWE-r§7te^!3tBLffl7t7 7-r/^€)«a5i:, 
[00 4 3] 03(a)*3j:tf03(b)a, 77-f/myt 
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2 c^rwrso ^i^^rjm2<Dmmin^^u7. 

4 2 a. 4 2 bti. )l'^)i'ioJ:ZS< ^D'^jfSSfStV^ 

So S 1 O^fiSSfx/'J'rx 4 2 a ti. -^f U-x-f y^'*7 

T-f/U 4(7)-Sjgl 4 bi:3t^W{c$g^-ri,j:3{c«ffi 
LTl^So ^2©ifiSSTX/WX4 2 b^v ifyr^i^ 
4 8<D-^4 8 a i:7t^WtciS^-r5<}:3tcjl^BnLTi/> 
5o 7 7^x-|e]e?'4 2 c(i. ^J;^lfB i - Y I Gig 
B^B^^tyo 7r7T-|5ife?4 2 c {i. ^1 ^3J;tf^2 
<0lgH^x-'WX4 2 a. 4 2 b<DF^tCgBH*nTt> 

[0 0 4 4] ^'b— r-f y^'^r-r^-U 4*''^©^ti, 

x/^-rx4 2 atciiA^nso mzoymmmT'fUT.A 2 

bA^e)<D)te{i. U'>'X4 2 e i:^/^o/•cl✓>'X#S^/^L 
1 . 5 5 ,1 mm(DmctiLxmKm^2 d BOTT 

7-i'yu->'3y4 od Bi:v^^!|t14;&^-r-5o 

[0 0 4 6] 03(a)*3<i:Q'03(b)lCfeV^T. WCfoi^ 

^>(y^-yr^>^\ 4co-Si 4 b*^e.mw«4a/c:^ 
a, U'>X4 2 dTii(?¥fT*7te{c*5c cOJtti^l 
©^tfTX/^'rX4 2 a{CfcV>TiEm7t(llilS)tS^7fe 
(i?iS)i:fc:^ai?nfc^k:. 7T^x|5iiE?4 2 c%ii 
ii-rSo SJiLfc7tti> S2(cas^fff=^/^-YX4 2 b^ 
Bl>"jl3iL/cfili:U'i/X4 2 etilAliff -Si:. 7^77-1' 
/'?4 8 ©-^4 8 afcftJt^nSo ^^7r-l'/^4 

o^mi^zommifif'fUXA 2 hiasi^^xsEnrnM 
?4 2 c^iijg-rso iiiit/cT^ti, m 1 titaijTT'/^ 

'l'X4 2 a5:Stfii3iL/ct^lcb>X4 2 dlcX^t^ 

^m\Z.m^tn^o C(Di:^lZ^7^V]y—$t a ZX 
ti. -7?<04^- h*^5€)7te(JlB7?|p)<?37t) tlfiT^O^I^- h 

[0 0 4 7] f67tx/WX'\©M'3>t(cKtTM{i:i#^ 

[0 0 4 8] ia4mB§-rsi:. mmic^mtn^yr 
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{is liI#flS?l 4 cA<n7gpt}^^$nfci'*U-f--<y 
y77'r>'^l 4 i:. COP'ly-y-^yifyT^/'^l 4(0 

-mi A atyc^mcm-^^nrc^mwycmm^i 

10 n5^3g«r«tx§ci:A^T't5o 

[0 0 4 9] ^*U'-x-c>^7'7 7'-r>'W 4ti, Jfe*7'7 
6 3 0^ 1 0>-}^-h 6 3 atCggE^nri^^So ^2©jJ^ 
-h6 3b(±. ^7 7-i'A6 8 a^:n•LTJt7^'V^- 
^^640A:^64 atC^M^tlTl/^So )t7-rvU'-:5f 
6 4©m:^6 4 hlCli. tf-y hx^-$(B E R)iiJ^i§ 
6 5*^)t7 7'-l'A6 8 b*/t-LTg^?tlTl^5o $ 
fc. ?ie*y96 3<D^3(D/K-h6 3 c»ca, 3^77-1' 
8 c^:0LTnJ^7-yr^>-:J?6 6 0A:'3 6 6 aJC 

jg^sn. t<Dmtiimy7-(^'i6 8d^nLx. i. 

20 5 5 /t mttiV>T§tt/'c^^{JI?^jg|t-r5±SI* ^7 

-6 7(C^S^$4aTI/>S<, 7t*y^6 3cDg4 04^-h 

^6 4(±. 6 Od Bgg07^'yU->'3>;gr*-rSo 
[0 0 5 0] CCf, e-y f>X7-$BER{i. E(t) 

/N (t)T^i^$n?>o E (t)fiNfF^ t comiCJL'y-X^ 

[0 0 5 1] ll^iSt^ov^Tfi, yu-T-^y^'yr^ 

,^ 1 4 i:*»<*^igi|ii§ 1 6 t(Dm&^li^ -2. 8 d 

30 B T'feSo i|i^{*7tiiiiigi 1 6 <Dytmtiim(DKmmit 

1 . 5 5/1 m^lcisV^T 0 . 1 %VATX$, D . TtSWM 
(OSif^fi 1 . 5 5 /i m^{C*5l.>T 8 0 %T$)§o 

[0 0 5 2] mAoymmmc^tiii. ^mwyti^m^i 
6ictsi.^x^^tnmLmi 6 aij^e^niattxrc^A 

it. !h1«t*S?1 4 c(ct5(/^T-g|5tiSS^^ns*f3tCi: 
^5i:Wc. ^(JtiigigTieE^JS:?.,, ^rx^^Bli. * 
^f*?telii|Bg§ 1 6©3tSWffi 1 6 hi)^P>WLtiitnxyt 

[0 0 5 3] c(Di:o^j:mm^^F^\^^rznmic)s\^^x. 

40 ma^lt. 7'ryb— >3>i:lf«y hX7-^i:flDBB» 

Kt)^«A^^t>§„ &{c. Rl^7-yr^-^^6 6<Digs 
«^^;^^A'!e.. b">y hx5-^;?:fiij^g§6 5T«t 
ntf, )t7>i'yb—>3y%gMLfcci:i:l|»c;S: 

[0 0 5 4] ^B^#{±. mmi^m^mmt^rctf)icm\c 

50 ftlW^fTofco SIESK. tr-y hX7-^tC^e?r4^§ 
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Pc=PrXTjX(l-R„ ) 

tmn^o c c T% Ji ^t^mw^mw^ 1 6 i: ^t'- 
[ii»Tte? 1 4 c X'<Dmm'^^st, ^mm^X'^t. t\ = 

-2. 8dB, Ra =7 0%V$>^<OX\ 7)X(l-R 
rc ) = -8 d B= 1/6. 3i:*:5o i&tc. 

P. = Pr/6. 3 

[0 0 5 5] I15{i. C^D||i^^^^^3^/^T. SI4)t(DM 

/c^tt0T£^„ 5Gb i t/ 

s. ilJ^/^^f->NZR. PR B S 1 0° - 1 T'fft)n 

fco mm^li. Pr/Po^d B-*fiET5^LTl/^So 05 

[0 0 5 6] 05t^^n/-c#tt(i:S-:3v> 
P./Po = 7jX(l-R« )xp,/Po 

1 Og(Pc/Po)=l Og(7jX(l-R„ ))+l og 
(Pr/Po) 

1 o g(Fc/Po)=— 8 d B + 1 o g (Pr/Po) 
Aniens Ci:«-l.aib/c„ CKDM^lSetci-^T, 05 
0«l«l^¥^«:7tiili§§ 1 6 ^(Om •) 7fe« P c 

7s7-Lm^ytm(m±mmwi ox i og(Pr/Po) 

= -2 5 d BggT-fe§. t^^Xl^^o L/cA^oT. 

m^^^fr^tn\±mx&^. a'J^g«a€rffl^>T06^c^3 

I=-58. 6-8. 7xlog(BER) 

hx^-^l O" \ 1 0'" J;l±©li5Htc*5l/> 

[00 5 7] ^k\,^x\ nmci3\,^xmmLrcyT^/<>if 
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tt. t/feit/d -R« ){i«'er^{fl^lf?)#5o 
[00 5 8] 

P./Po = TJ X( 1 - Rrc )X Pr/Po 

-0. SdB^jj^lOdB 

1 %^Rk ^9 0% 

(ommxmtt^t.. T^vi^-yayicmLx. 

10 (a)afeWfiJ**ft : Tj = 1 Od B, Rb=9 0% 
(b)«t^fij^^ff : T/ = -0. 5dB. Rk = 1 % 

(a) I=-63. 4-7. 9xlog(BER) 

(b) I=-52. 4-8. 7xlog(BER) 

[0 0 5 9] <:ne)0^*>6):^^(DrtSA^a^$n-So * 

T\ CO^tCffilLTT-ryU— >ay^'jN?<T't 
5o ^ff(b)<07 7-r/';^U— r^'>:5'*b— IfTJi. * 
S^tcMffl^nfcb— tffCjf^T. tjAM 2 d Bigfi^V^ 

xh^o 

[0 0 6 0] CCXii. -8SW%K1tttfflig:#-r57r 

-(^^■!7ly-y-^y'!f\y-^'t^^-Drcn^i^mmm^^7' 

30 /to coTaS^Sffl-rntf. ccxnmtstitc^^tm 
itfcAnT7-ryb->'a>ffi^9i^Tt§„ MIC. e 

-^(OlS^-D^^^mLfcT^Vly-i/aym^MM^ 
[0 0 6 1] 07(i:. ^2tD||i5l©Jg^{c^fc5fg^7' 

-'Wxo^SH-efeSo iai43j:a*02©iBi-cDa55}-jc 

40 ti. ^~(On^^nLX\,^?>o E7«r#BS-r-5i:, 7 7 

-r-'^yb-f-^'>i'b-+f'l 1 ^^ty^Ttr/'S^X 1 B 

A^^^x^nri^So 5£^x/w;:^i Bt#sns7r-r 

^^^*br-f y^^b— If 1 IXli. ^2ti^ 
7t7-ry b-^ 4 0^cBt}^;^e.nTV^.5*;S:^^,^T. 
0 1 fc<i:t;0 2 tc^s$nfc7 T'T/^^'b— 

if 1 Afciiiu-efeSo %7^vi'-'^ AO\i. Js'O'Jy 
^'i 2Jc9iOWtP.n5<ii:t,T't. ^tos^'Jyfx 
2i:{±»JfifcEH$n§ci:A^T't5o o$»3. Jtr-f 
v^-^4 0(i. i'*u-T-i'>'^*7r'r/^i 4i:. 7t« 
50 S8S5 0i:©P^ti:iatte)nTi>.5o 
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[0 0 6 2] 7r't'A^-U-r-i'>'^fb— 9*1 Bti. ^1^ 

? 1 4 c %wr?.o ¥#f*7tti'tig5 1 6©7taaiffi 1 6 

afi. ^'V-Tf >'^*7 7'1'/^1 4©— Si 4 afcJt^ 

1 4b{i. 77'r>'mJ7-Yyix-^?i:v''o/c)^7'ryu 

-^4 0(DA;'Dt7t^WtC|S^$nTl^5o it7^V\y 

u— f-f >'^*7 7'-i'>'U 4i:-ssgpti, 2 

6b{±. t^^ffl7;4-h:5'V:d--F(0lcDl 8)©S)t 

^n/cfi^a. 7ie7'ryu-^4 o^/M.T5fe^?SK5 

7lt7-r V Ix-^Jf 4 0 <t t3 TR(f^<Dffl*?itC $ T-iS»T? 

[0 0 6 3] 08 (i. ^3c0^fifiO}g»C^t>§^JteT 
/WX<D«ie0T-fe5o 0l43i:tf02<D|B|-©gP5)'{c 
(i. |SI-©^^?r{<tLTi/^§o 0 8^#M-r5i:. WD 
Mffl^^x/WXi C*mT^^t^T^.>•l.o mt'r)^-<7. 
1 Cti, ^^<07 7l'>'^^'*U—r-i'>^'>— !f 1 1 a. 
lib. 1 1 c fc, %7^VV~^A 1 

5 2^wrso 

[0 0 6 4] ^IS(D7r-r>'^^"b— r-fy^'U'— If 1 1 
a. 1 1 b> 11 z<r>^^\t. 09tC5^?n5<t3*« 

7r-l'/'5^b— r^-yyb— 9-*l 1 z\tmm&\ 

i<07l£^5S4t. 7r-rA^7"U'-7^^'>yb— )f 1 1 b 

b-Hf 1 1 c{ifHiSfiAnC07t^5g4r?.o 7T-r/^ 

i'*b-f-i'>^'b— 1 la. lib. 11 c<r>diiti 
7t^!^¥IS5 2(DAtl'i^-h 5 2 a. 5 2 b. 5 2 

4?- h{C-^A^n/c:3K?r^Mt*-(Dm±|:d<- h 5 2 d 
JcMtt-r5Ci:*^Tt^o 7t^iS¥S5 2{i. 
t /c(± A WG (Arrayed Waveguide Grating)i:l/^-s)/cJt 
Figgis 2 T'feSCtA^T-tSo Jt^S^^gS 2<DtlJ:^j 
>1^-h 5 2 dlCfi. ^mims A^i\LX^7-(VV- 

^4 1 cDA^btciS-n'^nTi^So 7t7-ryu-^?4 lo 
ti^lHt. 7t7r^/^i:i/^^fc7t^jSI^5 OtcJg^^nT 

[0 0 6 5] 3ta»KSS 5 0 fCfi. iSSfiX^HA,. A^. 

■•• A.)*#tywDM(i^*^4x.e.n-5o -77^)^fv 

-xi-y^'U— 9*1 la. lib. 11 cfC$$n-5i|i 



(9) ^g§2 0 0 1 -9 4 2 0 5 
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#ft^igitsiii 6 a. ?-n?^n. >mi^^^<r)m^^ i 

a. 5 1b. 5 1 clcic-T^Si^nSo ^P^n/cffi 

<n%7^w-^ ^ 1 ^/fLTT^eiMsss ojciMtu^n 

^4 Oti:±oTmS©ffi*/SfcST'ii»f$nTV^5„ C 
Ofcft. 77'</^^^U-x-<'y^U-if 1 1 a. 1 1 

b. 1 1 z\z^^iC^^^mW%m^^ \ 6tcM-r-5MD 

10 W*^«tCfcV^T. 1 0"'° ggJXTOe-y hX7-$ 
[0 0 6 6] 01 Ofi. WDMT^aMi^X-ri^g^r^-r 

[0 0 6 7] 7tSMI§3ti. JfeA;^^^- h 3 a . 
imi-Zh. aS[©S7t^?3c. *3j:t?)te^:)-ifi¥g3 
d^Wr^o 7^^S¥IS3d{i. A:'345-h {cSttfc^ 

20 A:^j}?-h 3 a*^C)(DWDM?tm#(i. fi»J^tf AWG i: 

(/^c>fc7t^^ife§§3 d t J;-pT. SP^WtcS;&§{4«tcjS 

mc, S^5S^^?3dlcA:»3«n. «mfi^7tc^ 

[0 0 6 8] )feafli§4{c(i:. «fiJ;itfE8ti:^$n/c5§ 

«. m:^I>-3<-h4 ati^Gil^SSStC^iK^nTV^^o ?t 
3Mfflt§ 4 ti. KifI$n§'<t^iSfi^ 5 1 %A;bS? 4 
30 bfCgttT. CiOm^S IT-lgp^n/iWDM^teffl^^ 
tB;bjK-h4 aA-e>ffi#t-r5o 

[0 0 6 9] JteiMSSSti. 7ttii(i§56a. 6 b. MO* 
fC^tSii^SSS 0 a. 5 0 b. 5 0 c. 5 0d*{|^i)o 
TtaiiS^KSOa. 5 0 b. 5 0 c. 5 0 d li. 
n. 7ieJgilitg6 a. 6b(r)H^gi^L. 7^tgilB§§6 a i: 
7teiMfti§4i:^g^ig!L. 7feii^ii§6 bi:7t^ffl§§3i:£0 

[0 0 7 0] COJ;^;S:WDM7t5ifBv'XxAT'(i. ^16 
iMfi§l4oaitii:. #Wft7tli*i§§i:OP^tcm^©«s 
40 g<DJt7-ryb-^A^I¥A^nTV^5©T'. 

-So *^S5(D}B,^T'{i. 5taHii§4 i:LTS3O||figc0 
[007 1] 

>fX©tb:^il. 7t7'i'yU-?i:. ^rm^o :)t7'f'y 
50 b-^r{±. Jtl84a5i:m^i;<OP^tce@^nTV^;5o C 
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yU-v'3>'fi, 1. 5 5 /im^{Ct3(,'>TfiiSiig2. 
5 G b p s T'ii^^nS'^tey hx^-^B E RtM 
LTd B#{u{C:fel'>T-5 2. 4-8. 7Xlog(B 

CO 0 7 2] ^gpiiiig§^<Dfl7tx/WX*^fiff^©lf >y 
CO 0 7 3] LAc*^oT. m^Olf -y hx^-$:g-S^ 

C0ffi<Dffimja:KiH^] 

C01] llifi. ^i<D||SSOJK^t0^t>57r-i'/^y 

C02] m2\,t. 01 OI-IBrffi{C*5ltS0ffi«-a^-ro 20 
[03] ll3(a)*3j;D*03(b){i. ^T^VV-^n 

[04] 04ti, tr-y hx^-^«:iJ«Lfc:)t^3^^a 

[05] 05{i. hX7-^i:CDM^ 

[06] 06tt. 7^V]y-i/ayt. If >y hx^-^* 



ttlB2 0 0 1 -9 4 205 
18 

[07] 07{±. %2(r>M^<OBmc%t>^mtTJU 

;^<DM^0T'3&5o 

[08] 08{i. m3(omM(ommic^.t>^mt^/u 

[09] 09fi. 7r-Y>'^^*b— f'i'y^'U'— If^r^f 
[01 0] 01 Oa, WDM)tjl{t>^XxAO^ie0T' 

1 A-U— !ft->'a-;K IB. 1 C -flT^x/WT.. 
3 -5t§<Iii. 6 a. 6 b -7^tii|i§§, 

A. 1 0-U-1f€:i/a-;biggC, IK 11a. 1 
lb. 1 I c-yT^^<'!fl'7-^y^'ly-^f^ l2-/\ 

"^'Jy^'^ \ ^ ■9\y-'f^y^"77-< >K 1 6. 1 8 

. 2 2. 2 4. 2 6 HSSgP^t. 2 8 

■■■'m.'^^^w^u. 4 0. 4 1. 4 2 •jtr-ryu- 

^. 4.2 a- -^l ©ItaSf-r/WX. 4 2b-^2©ii 
JSST'r'''^'l'X. 4 2 c •■•7t^t— iHlfe?. 4 2d. 4 
2e-U-yX. 4 4 •••7x;l'-;l/. 4 8 ••7t77-r/^. 
5 0- - Jt^zSK. 5 1a. 5 1b. 5 1 c •••51-gl5A»e.<D 
5 2 -^^iS#m. 5 4-5ta|iSK. 6 3 - )t* 
7"^. 6 4- ••7lc7'fyix— ^. 6 5 " If-y hx^-$ 
(BER)Sij^g§. 6 8 a~6 8 d- ••^7T-f'>'^. 
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